A shear band of finite length, formed inside a ductile material at a certain stage of a continued homogeneous strain, provides a dynamic perturbation to an incident wave field, which strongly influences the dynamics of the material and affects its path to failure. The investigation of this perturbation is presented for a ductile metal, with reference to the incremental mechanics of a material obeying the J 2 -deformation theory of plasticity (a special form of prestressed, elastic, anisotropic, and incompressible solid). The treatment originates from the derivation of integral representations relating the incremental mechanical fields at every point of the medium to the incremental displacement jump across the shear band faces, generated by an impinging wave. The boundary integral equations (under the plane strain assumption) are numerically approached through a collocation technique, which keeps into account the singularity at the shear band tips and permits the analysis of an incident wave impinging a shear band. It is shown that the presence of the shear band induces a resonance, visible in the incremental displacement field and in the stress intensity factor at the shear band tips, which promotes shear band growth. Moreover, the waves scattered by the shear band are shown to generate a fine texture of vibrations, parallel to the shear band line and propagating at a long distance from it, but leaving a sort of conical shadow zone, which emanates from the tips of the shear band.
Introduction
When a ductile material is subject to severe strain, failure is preluded by the emergence of shear bands which initially nucleate in a small area, but quickly extend rectilinearly and accumulate damage, until they degenerate into fractures. Therefore, research on shear bands yields a fundamental understanding of the intimate rules of failure 1 , so that it may be important in the design of new materials with superior mechanical performances.
Modelling of a shear band as a slip plane embedded in a highly prestressed material and perturbed by a mode II incremental strain, reveals that a highly inhomogeneous and strongly focussed stress state is created in the proximity of the shear band and aligned parallel to it. This evidence, together with the fact that the incremental energy release rate blows up when the stress state approaches the condition for ellipticity loss, may explain the rectilinear growth of shear bands (documented in several experiments, [21, 25, 53, 54] ) and the reason why they are a preferred mode of failure for ductile materials [9, 12, 36, 40, 43] .
Although dynamic effects play an important role on shear band growth and related failure development, most of the analyses conducted so far were limited to quasi-static conditions, while numerical simulations addressing the dynamics of shear bands are scarce (and referred to high strain-rate loading [11, 19, 26, 28, 27, 34, 31, 51, 58] ). The aim of the present article is to investigate dynamic perturbations in the stress/deformation fields of an incident wave, induced by a shear band of finite length, formed inside a ductile metal, at a certain stage of a continued strain. The shear band is modelled as possessing null thickness and thus behaving as a discontinuity surface, an assumption which is motivated by the experimental observation [41, 47, 57] that thicknesses in metals are on the order of micrometres, while lengths can reach millimeters, so that a thickness-tolength ratio of order 10 −3 is considered to be negligible. Hence, the incremental behaviour of a prestressed, elastic, anisotropic and incompressible material, containing a finite-length shear band of negligible thickness, is analyzed in the dynamic regime. To this purpose, integral representations are derived (under the plane strain condition 2 and assuming ellipticity and homogeneity of the material properties), relating the incremental fields at every point of the medium to the incremental displacement jump across the shear band faces, which originates from an impinging wave. The integral equations are numerically solved with an ad hoc developed collocation method, which allows for the treatment of the singularities present at the tips of the shear bands and provides a basis for the analysis of dynamic disturbances propagating in a solid near the boundary of ellipticity loss. The collocation technique was previously used for crack problems [13, 16, 20, 30, 44, 45, 48] , not for shear bands, and presents several advantages when compared with finite element methods (see for instance [11, 27, 31] ), the main ones being: (i.) only the boundary of the shear band is discretized; (ii.) an 1 The fact that shear bands initiate the complex mechanism of failure in ductile materials is the reason for which a great research effort has been devoted to this topic, see among others [32, 33, 38, 49] 2 Results presented in this article can be extended to three dimensional deformation by using the Green's function derived in [1] .
infinite medium is naturally embodied; (iii.) the radiation damping condition is automatically satisfied, avoiding spurious wave reflection at ficticious boundaries.
Although the developed formulation is general, so that it includes as special cases neo-Hookean, Mooney-Rivlin and Ogden incompressible elasticity [4, 14] , results are presented for a model of ductile metals, namely, the J 2 -deformation theory of plasticity [24] . It is shown that when a metal is severely strained (near the border of failure of ellipticity) and a shear band is already formed inside of it (providing a weak surface of low stiffness), a complex interaction with incoming waves is developed, showing a narrow focusing of the deformation, which emanates from the shear band tips, and the emergence of a fine texture of short wavelength vibrations parallel to the shear band. The wave texture extends to a large distance from the shear band and the wavelength vanishes, when failure of ellipticity is approached, so that a conical shadow zone is evidenced, originating from the tip of the shear band, where the scattered wave field is strongly attenuated. Moreover, a resonance wavelength is observed, amplifying the displacement jump across the shear band and the stress intensity factor at its tips, thus promoting shear band growth.
Incremental constitutive equations and dynamic
Green's function Biot [14] has shown that the most general incremental response of a hyperelastic incompressible material deformed in plane strain can be characterized in terms of the Zaremba-Jaumann derivative of the Cauchy stress
(where W is the incremental rotation tensor andσ is the increment of Cauchy stress) as
where, in an updated Lagrangean description (in which the current state is used as reference), µ and µ * are two incremental shear moduli, respectively parallel and inclined at 45
• with respect to the x 1 −axis [4] , and D ij are the in-plane components of the Eulerian strain increment tensor D, which has to satisfy the incompressibility constraint trD = 0.
In terms of the unsymmetric nominal stress incrementṫ, related to the ZarembaJaumann derivative of the Cauchy stress aṡ
the constitutive equations (1), together with the incompressibility constraint, can be rewritten asṫ
where, v i is the incremental displacement,ṗ is the incremental hydrostatic stress and δ ij is the Kronecker delta (indices range between 1 and 2, a comma denotes partial differentiation). The fourth-order tensor K ijkl of the instantaneous moduli, posseses the major symmetry K ijkl = K klij (but not the two minor), and is defined in components as
The equations of incremental motion can be written aṡ
where ρ is the mass density,ḟ j the incremental body force, and t denotes the time.
For time-harmonic motion with circular frequency Ω, the incremental displacement field v i (x) exp(−iΩt) can be derived from a stream function ψ(x) exp(−iΩt), introduced as
A substitution of equation (4) in equation (11) yields the differential equation
where k is a dimensionless measure of the deviatoric pre-stress and ξ a dimensionless parameter quantifying the amount of orthotropy
which for the J 2 -deformation theory of plasticity (8) become
The principal part of the differential equation (13) is the same of the quasistatic case and defines the regime classification in terms of the following coefficients
so that either two real and negative (in the so-called 'elliptic imaginary regime' denoted by EI) or two complex-conjugate (in the so-called 'elliptic complex regime' denoted by EC) coefficients are only possible in the elliptic range, to which the present study is restricted. Note that for a tensile prestress, the Hill condition, which excludes every incremental bifurcation [4, 22, 42] , is given by (for µ > 0)
while a surface instability occurs for compressive prestress when [4, 23] 4ξ
The infinite body Green's functions can be found by solving equation (13) when the body force is given by the Dirac delta function δ(x), i.e.ḟ j δ(x). Introducing a plane wave expansion for the incremental displacement v
the following representation can be obtained from equation (13) in the transformed domaiñ
where Ci and Si are the cosine integral and sine integral functions, respectively, and
with
The gradient of the incremental displacement (19) can be written as
and
The plane wave expansion (13) has been developed in [6] and [7] . Finally the Green's function for incremental nominal stresses can be derived from the constitutive equations (4) aṡ
3 The shear band model A shear band of finite length 2l is a very thin layer of material subject to intense shear, emerging inside a ductile material at a certain stage of a uniform deformation path with a well-defined inclination, measured from the σ 1 -principal axis of stress in terms of the angle θ 0 defined as
and calculated at ellipticity loss [4, 23] within the constitutive framework presented in Section 2. The shear band is characterized by a high compliance to shear parallel to it, so that it can be modelled by assuming that the incremental nominal traction tangential to the shear band vanishes, while the normal nominal traction and the normal component of the incremental displacement remain continuous. Introducing the jump operator
[where g + and g − denote the limits approached by the field g(x) at the discontinuity surface] and two reference systems, namely, x 1 − x 2 aligned parallel to the orthotropy axes of the material andx 1 −x 2 aligned parallel to the shear band, Fig. 1 , the conditions holding along the shear band are the following.
• Null incremental nominal shearing tractions:
• Continuity of the incremental nominal traction orthogonal to the shear band:
• Continuity of the incremental displacement component orthogonal to the shear band:
The above equations show that the shear band is modelled as a (null-thickness) discontinuity surface, which is more general than a crack (because a shear band can carry a finite compressive tractions across his faces), but may represent a dislocation [2, 55, 56] ; in metals the null-thickness assumption is strongly motivated by the experimental observation [41, 47, 57 ] that a shear band thickness-to-length ratio is of the order 10 −3 since lengths of shear bands can reach millimeters, while their thickness is confined to only a few micrometres. In the absence of prestress, the shear band model reduces to a weak surface whose faces can freely slide and at the same time are constrained to remain in contact, but when a prestress is present, the shear band model differs from that of a sliding planar surface [5] . The prescriptions (29)- (31) have been directly borrowed from those defining the onset of a shear band in a material [4] .
The analysis of the shear band will be restricted to a tensile prestress and the value of the normalized in-plane mean stress, p/µ, will be selected in such a way that the Hill exclusion condition (17) is satisfied, so that spurious bifurcations will not affect the dynamics near the shear band, which is analyzed as follows.
Assuming a time-harmonic motion of circular frequency Ω, a wave characterized by an incremental displacement field v inc (x)e −iΩt travels through the medium and is incident upon the shear band. Then, a scattered incremental displacement field v sc (x)e −iΩt is generated by the interaction of the incident wave with the shear band such that the total incremental displacement field v(x)e −iΩt is represented as the sum
The scattered field v sc must satisfy the radiation condition at infinity and the conditions of energy boundedness near the shear band edge. Outside the shear band, the incremental displacement field satisfies the equations of motion, which written in terms of the stream function ψ reduce to equation (13) with null body force.
The incident wave field is represented by an incremental, time-harmonic plane wave propagating with phase velocity c in a direction defined by the unit propagation vector p [35] and having the form
where A is the amplitude, d is the direction of motion and c the wave velocity.
Since the wave (33) propagates in an incompressible material, isochoricity implies
so that the incident wave is transverse, with the motion orthogonal to the propagation direction. A substitution of equation (33) into equation (13), written witḣ f 1,2 =ḟ 2,1 = 0, and use of equation (34) yield the following expression for the wave speed
which, setting p 1 = cos β and p 2 = sin β and
provides
Note that in the limits β → 0 and β → π, c tends to c 1 , which represents the speed of a wave traveling in the direction of the x 1 -axis.
Integral representation for the dynamics of a shear band
The scattered field v sc satisfies the extension of the Betti identity provided in [7, 15] 
where ∂B represents the boundary of the shear band, which is made up of two straight lines of length 2l, with external unit normals of opposite sign, so that equation (38) can be specialized for a shear band to
Because the incremental traction is continuous across the shear band, equations (29)- (30), the following boundary integral equation is obtained
which provides the incremental displacement at every point in the body as function of the jump of the incremental displacement
] across the shear band. The gradient of the incremental displacement can be evaluated from the integral equation (40) as
so that from the constitutive equations (4) the incremental stress can be written asṫ
where the incremental in-plane mean stressṗ, for the moment unknown, can be determined from the following boundary integral equation [8] 
whereṗ g is the incremental in-plane mean stress of the Green's statė
in whicḣ
Introducing for ∂B the straight boundary of the shear band,
which, considering the continuity of incremental tractions, equations (29)- (30), and the continuity of the normal component of the incremental displacement across the shear band (31) reduces tȯ
In order to determine the incremental displacement jump
, unknown in equation (40) , the point y is assumed to approach the shear band boundary. Denoting with s the unit vector tangent to the shear band, the boundary conditions at the shear band become
so that equation (40) can be rewritten aŝ
Equation (50) represents the boundary integral formulation for the dynamics of a shear band interacting with an impinging wave. The kernel of the integral equation (50) is hypersingular of order r −2 as r → 0, being r the distance between field point x and source point y
Note that the integral on right-hand side of equation (50) is specified in the finite-part Hadamard sense. The solution for an inclined shear band in an infinite medium can be expressed in the inclined reference system sketched in Fig. 1 .
The components of the vector of incremental displacements v in the reference system x 1 -x 2 , can be expressed in the local reference systemx 1 -x 2 as
so that, due to the boundary conditions (31)
equation (50) can be given the final form
showing that the dynamics of a shear band is governed by a linear integral equation in the unknown jump of tangential incremental displacement across the shear band faces,
It is worth noting that the gradient of the Green incremental stress tensor, constituting the kernel of the boundary integral equation, turns out to be the sum of a static partṫ g(st) ij,k and a dynamic partṫ g(dyn) ij,k , whose expressions are given in Appendix A, leading tô
Note that a simplification of the equation (54) in the case of a horizontal shear band (θ = 0) is provided in Appendix B.
Boundary integral equations and numerical procedure
The treatment of the boundary integral equation (55) requires the development of an ad hoc numerical procedure, which needs the implementation of a special strategy to enforce the singular behaviour at the band tips, similar to that developed for cracks in [44, 45] . Since both field and source points x and y lie on thex 1 -axis, equation (54) can be rewritten aŝ
where the index '1' has been dropped, so thatx,ŷ and
The shear band segment is divided into Q intervals [x (q) ,x (q+1) ] (q = 0, . . . , Q− 1;x (0) = −l, ;x (Q) = l) and a linear variation of the incremental displacement jump [ [v] ] is assumed within each interval, with the exception of the two intervals situated at the shear band tips, where a square root variation of the incremental displacement jump [ [v] ] is adopted:
where
is the nodal value of the incremental displacement jump (Figure 2 ). The square root variation is adopted to take into account the singularity at the shear band tip, as is usual for the crack tip problem [37, 44, 45, 48] . Whenŷ =x (p) (p = 1, . . . , Q − 1) is assumed to be the source point, the relevant integral equation becomeŝ
In equation (60), the integrals which are singular forx (q) +ζ∆ q →x (p) are relevant to the static kernelṫ
and can be rearranged as
so that, by means of a change of variable, the integrals can be evaluated as
with e r = r/r. The non-null finite parts of the above integrals can be calculated as
and the function T g ijk (θ) is explicitly provided in Appendix A. In the particular cases whenŷ =x (p) is assumed to be the source point and p = 1 or p = Q − 1, equation (60) has to be rewritten aŝ
When p = 1, the finite parts of singular integrals can be evaluated as
while, when p = Q − 1, the finite parts of the singular integrals can be evaluated as
Hence, using a collocation method, thus assuming p = 1, . . . , Q − 1, a system of Q − 1 algebraic equations is obtained which can be written in matrix form as follows
The nominal shear tractiont
generated by a shear wave impinging the shear band can be obtained using equations (12) and (4) into equation (33) , thus
where τ 0 = iAµΩ/c is the maximum shear stress acting at the shear wave front in the quasi-static limit, Ω → 0. For a wave traveling orthogonally to the shear band, equation (68) reduces to a positive quantity, at least until strong ellipticity holds true.
Results for the J 2 -deformation theory of plasticity
A shear band is discretized with Q = 100 line elements and numerically analyzed when inside a ductile metal whose behaviour is described by the J 2 -deformation theory of plasticity. The incremental moduli are provided by equations (8) and the hardening exponent is assumed to be N = 0.4, so that ellipticity is lost at the critical value of the logarithmic strain ε 1 ≈ 0.678. Results are presented below.
Wave propagation normal to the shear band
The direction of the wave propagation is now considered to be orthogonal to the shear band faces, so that the whole front of the band is uniformly loaded. The numerical solution of the linear system (67) allows to compute the longitudinal displacement jump across the shear band,
A validation of the developed numerical technique can be obtained, in the limit Ω → 0, by comparing with the analytic solution for the static case provided by Bigoni and Dal Corso [9] . This validation is provided in Figure 3 The convergence of the numerical solution to the static -analytical-solution (developed in [9] ) is shown in Figure 3(b) , where the (percent) error in the incremental displacement jump [
[v] ] q , evaluated at the middle of the shear band, x 1 /l = 0, is reported as a function of the number of the collocation points Q. Two different sets of shape functions are considered, namely, linear shape functions for the whole shear band in one case (circular spots), while in the other case square-root shape functions are used only in the element at the shear band tip (square spots). It can be seen that in the middle of the shear band for Q = 100 the error is about 1% for both shape function sets.
With Q = 100 elements and the selected shape functions, the computing time necessary to find the displacement jump across the shear band ranges between 15 and 20 minutes running the software Mathematica 11.2 in a computer AMD Opteron cluster Stimulus (available at the 'Instability Lab' of the University of Trento). The dynamic shape of the displacement jump along the shear band line is reported in Figure 4 (a), referred to a prestrain ε 1 = 0.667, close to the boundary of ellipticity loss. This figure shows that, near the resonance frequency, the displacement jump along the shear band assumes the quasi-static shape, but at high frequency displays a markedly different behaviour [29] , namely, it decades in amplitude and displays an oscillation (see the green curve referred to Ωl/c 1 = 6).
The variation with the wavenumber, Figure 4(b) for several values of prestrain, ranging from 0 to ε 1 = 0.667. In this figure the maxima of the curves represent resonance condition (the displacement grows, but does not blow-up to infinity, due to the radiation damping, properly accounted for in the numerical solution), so that it is clear that an increase in the prestrain leads to an amplification factor which grows from 20%, occurring at null prestrain, to 41%, occurring at a prestrain close to the border of ellipticity loss.
Results not reported for brevity show that a decrease in the hardening exponent N shifts the resonance towards higher frequencies. Note that a resonance frequency is visible (the peak of the curves) and that this resonance becomes more evident at increasing prestrain, when it approaches the elliptic boundary.
The stress concentration at the shear band tips can be investigated using the Stress Intensity Factor (SIF) and because only incremental shear stresses are acting on the band, a Mode II SIF is adopted, which is defined as
which in the quasi-static case becomes
The SIF is also defined as a function of the displacement jump in the form [3, 18] 
is the displacement jump evaluated at the first inner node from the tip of the shear band. Figure 5 reports the SIF, K II , normalized through the quasi-static condition K
II , as a function of the of the wavenumber.
• It has to be noted that Chen and Sih [17] developed an analytical solution for the SIF pertinent to a crack impinged by an incident shear wave in a linear elastic and isotropic body. This solution can be used to validate the developed numerical procedure, as reported in part (a) of Figure 5 , relative to a null prestrain. Here the absolute value of the SIF (normalized with respect to the quasi-static limit) is reported as a function of the wavenumber. The validation turns out to be satisfactory, because for the tested angles β of the wave propagation, the discrepancy is within 8%.
The dimensionless SIF for the shear band tips at different levels of prestrain is reported in Figure 5 (b) as a function of the dimensionless frequency. In the quasistatic limit and for a null prestrain the SIF correctly tends to 1, while, when the elliptic boundary is approached, the SIF blows up, reaching a value approximately 15 times the quasi-static value for a prestrain ε 1 = 0.66, whereas at the elliptic border it grows to infinity, coherently with the quasi-static behaviour, [9] . This is once more the evidence of a resonance condition, with an increase of 41% of the SIF with respect to the quasi-static case.
It is important to remark that both evidences presented in Fig. 4 (c) and 5(b) show that the presence of a shear band produces a resonance, evidenced through a substantial growth in the jump of displacement across the shear band and in the stress intensity factor at the shear band tip.
Wave propagation inclined or parallel to the shear band
A wave obliquely impinging a shear band is now considered, with p · n different from both 0 and 1. The shear traction can be derived from equation (68) and is composed of a real symmetric part and an imaginary skew-symmetric part. Therefore, the traction is non-symmetric with respect to thex 2 -axis. This can be noted in Figure 6 , where, as in Fig. 4(b) , the dimensionless displacement jump is reported along the shear band line as a function of the dimensionless frequency, for various inclinations of the wave propagation vector. When the wave propagation is inclined at an angle β belonging to the interval (−π/2+θ 0 , π/2+θ 0 ), the maximum value of the displacement jump shifts towards the right tip of the band.
Due to the fact that the wave is now inclined with respect to the shear band, the stress intensity factors at the tips of the shear band are different [50] , see Figure 7 , where the dimensionless SIF for the two tips (one denoted by '+' and the other by '−') are reported as functions of the dimensionless frequency. It can be observed that the higher the displacement jump, the higher is the SIF, moreover a wave orthogonal to the shear band produces the largest value of the SIF and therefore the maximum resonance. 
Incremental strain fields
The modulus of the incremental strain field (which is deviatoric, because of incompressibility) defined as (v i,j v i,j + v i,j v j,i ) /2, can be computed by using the gradient of the incremental displacement, equation (41) , in the constitutive equations (4). In the following the modulus of the incremental strain field is computed by using the real part of the gradient of incremental displacement, so that the phase shift related to the imaginary part is not considered.
The modulus of the incremental strain field, computed at a prestrain level of ε 1 = 0.667 (i.e. close to the elliptic boundary) is reported in Figure 8 , in terms of scattered wave field (on the left) and in terms of total wave field (on the right). Two incident waves with wavenumber Ωl/c 1 = 1 are considered, one orthogonal to the shear band (with inclination β = θ 0 + π/2) and the other aligned parallel to the x 1 −axis (with inclination β = 0). These inclinations of propagation represent the directions along which the wave velocity c assumes the minimum and maximum values respectively, see equation (37) .
It is worth noting that the wavenumber Ωl/c 1 = 1 used for the computations corresponds to a wavelength in the direction orthogonal to the shear band, 2πlc/c 1 , which is approximately 1/6 of the shear band length, thus much greater than the shear band thickness.
It can be noted that for both wave inclinations, the scattered field turns out to be a family of plane waves parallel to the shear band. The effect of this scattered field on the total strain field is to produce a fine texture of parallel vibrations, which superimposes on the impinging wave field. The texture shows a narrow conical shadow zone emanating from the shear band tips, where the scattered field is strongly attenuated and tends to disappear. This effect becomes more visible in the case of β = 0, because incident and scattered waves propagate in different directions, rather than in the case of wave travels orthogonal to the band. In the case of an incident wave with wavenumber Ωl/c 1 = 1, propagating in the direction parallel to the shear band, Figure 9 represents the scattered and total strain fields for three increasing levels of prestrain (ε 1 = 0.43, ε 1 = 0.55, ε 1 = 0.66). Starting from the lowest level of prestrain, the unperturbed conical zone is already visible, but this zone tends to become narrower when the elliptic boundary is approached. The shadow zone is analyzed near the elliptic boundary as a function of the frequency, in particular, the upper left quarter of the map of the incremental strain field is reported in Figure 10 for two frequencies (Ωl/c 1 = π/5, Ωl/c 1 = π/2). This plot reveals that the shadow zone becomes more visible at frequencies higher than the value corresponding to resonance. It is remarked that experimental results on time-harmonic vibration of shear bands are not available in the literature. However, a close scrutiny of experiments on dynamic propagation of shear bands induced by an impact loading reveals that waves propagate in the material with the shear band inclination ( [27] , their figures 4, 5, 6, and 8), a feature also observed in our simulations (Figures 9 and 10) . Moreover, results relative to wave propagation in highly orthotropic materials exhibit shadow zones similar to those visible in Figure 10 ([46], their figure 3 ). Finally, experiments on wave propagation in an aluminum solid containing a crack with attritive faces, which are prestressed in compression, ( [10] , their figure 8) can be compared with results pertinent to Mooney-Rivlin material presented in Appendix B. In both cases waves parallel to the discontinuity line are evidenced.
Conclusions
The dynamic effects induced by a shear band formed in a material strained close to the failure of ellipticity can be analyzed through the development of ad hoc boundary integral equations and collocation techniques. Results show that the shear band produces a complex dynamic interaction with impinging waves generating resonance at a certain frequency. This resonance promotes shear band development, as can be revealed by the variation with frequency of the stress intensity factor at the shear band tips. Moreover, the vibration pattern generated near the shear band shows a fine development of plane waves and the formation of a narrow zone of low incremental strain emerging from the shear band edges and propagating with a conical shape. It is worth noting that the results obtained in the present article can be generalized in several ways. In particular: (i.) three-dimensional problems can be analyzed in which the shear band can assume a complex form, for instance penny-shaped, conical or curved; (ii.) materials with different constitutive equations and even materials different from metals, for instance granular matter, can be considered; (iii.) transient dynamics may be studied. In all these cases, the boundary integral equations developed in this article are either still valid or require minimal modifications, so that only the Green's function has to be determined, a difficulty which can be attacked with the methods shown in [1, 39, 52] .
where a prime denotes differentiation with respect to ω · x and A shear band in a Mooney-Rivlin material, emerges and grows parallel to the σ 1 -principal axis, with a null inclination, θ 0 = 0. In order to approach the elliptic/parabolic boundary, the limit of the prestress k → 1 (which formally corresponds to infinite stretch) is considered. Due to the inclination θ 0 = 0, the integral equation (54) Figure 11 shows the scattered (upper part) and total (lower part) incremental deviatoric strain fields, for a shear band in a Mooney-Rivlin material at prestress k = 0.99, near the elliptic boundary. An incident wave is considered travelling parallel to the shear band (β = 0), with wavenumber Ωl/c 1 = 1. The emergence of plane waves, parallel to the shear band, can be noted and the formation of a conical shadow zone is visible, which can be compared with the experimental results on wave propagation in a rectangular aluminum block containing a crack prestressed through compressive forces orthogonal to the crack faces [10] (their figure 8 ). 
